American Samoa, an archipelago of five volcanic islands and two coral atolls, lies at approximately 14°S and 170°W. Of the American Samoan Islands, Tutuila is both the largest and the locus of government and commerce. This 53-mi 2 island is also where over 96% of the current population resides (57,291 out of 58,706 as of the 2000 Census; American Samoa Government, 2002) . That population is concentrated on the southern side of Tutuila, particularly in the Pago Pago Harbor region. Pago Pago Harbor has a history of environmental degradation. Nutrient enrichment from a local tuna canning facility, excessive sedimentation from poor land use decisions, and widespread reef flat modification (Cornish and DiDonato, 2004) have all contributed to periods of poor water quality and largescale loss of coral reef communities in the harbor and its proximity.
Pago Pago Harbor has a high concentration of people and local commerce, and the beaches in that region are used frequently by both residents and visitors. Consequently, there is an emerging need to monitor those bathing water for potential bacterial contamination and associated health risks (Henrickson et al., 2001) . The American Samoa Environmental Protection Agency (ASEPA) monitors bacterial contamination at many territorial beaches, but that effort is concentrated in Pago Pago Harbor and its close proximity. This report details the results of weekly beach monitoring done during the twoyear period beginning in 2002.
During 2002, 14 beaches were included as part of regular weekly monitoring. One beach, Aua Stream Beach, was added after the first 8 weeks of 2002. These same 14 sites were continued through 2003, and two additional beach sites (Alega Beach and Alega Stream) were added to the weekly sampling schedule beginning in March, 2003 . The location of all sampled beaches is shown in Fig. 1 .
Beach sampling was conducted on Tuesday mornings. At each site, approximately 0.5 l water was collected in a sterile bottle in water depth no less than knee level of the collector, independent of tidal height. While tidal stage can be an important determinant of bacterial contamination (Mallin et al., 1999) , no effort was made in either field collection or data analysis to remove the potential variability introduced by the tidal dynamic. Collected samples were stored in coolers and returned to the laboratory within 2 h. Enterococci, the selected indicator bacteria, were enumerated using Enterolert Ò and most probable number (MPN) methods. Enterolert Ò utilizes chromogenic substrate technology to enumerate bacteria and compares favorably with estimates using traditional methods (i.e., membrane filtration or multiple tube fermentation; Noble et al., 2003) . Enterococci numbers were compared to the American Samoa Water Quality Standards (ASWQS) to determine beach compliance. The ASWQS specify a single-sample maximum bacteria number (per 100 ml) to be 124 for open coastal habitats and 104 for special embayments, including Pago Pago Harbor. If a site exceeded this single-sample limit, it violated the standard and was considered contaminated. To summarize these data, the number of contaminated sites was tallied each week. Furthermore, the amount of time (expressed as a percentage of weeks for each annual period) that each site exceeded the ASWQS was calculated.
During monitoring, it was observed that the number of contaminated sites was higher when samples were collected during or just after periods of heavy rainfall. To investigate the relationship between beach contamination and precipitation, we utilized daily rainfall summary data compiled by the National Weather Service Office (NWSO) at Pago Pago International Airport (Fig. 1) . Tutuila receives between 125 and 250 inches of rain per year. Higher rainfall (2x) generally occurs in the harbor region (the location of about half of these beach sites) compared to the airport; however, data from the NWSO were the only data available for the entire two-year period of study. Prior to analyses, enterococci counts (MPN) were log(x + 1)-transformed, and rainfall data (inches of rain on each Tuesday) were À1/(x + 1) 3 -transformed. Correlations between rainfall and site-specific bacterial contamination levels were evaluated with Pearson's product-moment correlations. In addition, since a few of the distributions were not normalized by transformation, we conducted Pearson's correlation analyses on rank-transformed data. This is the equivalent of a nonparametric correlation analysis and was used only to evaluate the parametric test results. The two sites added later in 2003 (Alega Beach and Alega Stream) were not included in correlation analyses.
In 2002, up to 14 sites exceeded the ASWQS standard each week (Fig. 2) , and the median number of sites was 3 (of 14, or 21%). Of the 16 sites sampled in 2003, up to 15 violated the single-sample standard each week (Fig. 2) , while the median number was 5 (of 16, or 31%). Sites that often exceeded the standard were consistent across the twoyear monitoring period (Fig. 3) . Five sites (Fagatogo, Pouesi-Aua, Aua Stream, Diosa-Aua, and Laulii) exceeded the standard between 35% and 96% of the time in 2002, and those same sites were positive between 50% and 98% of the sampled weeks in 2003. The sites added in 2003 (Alega Beach, Alega Stream) also frequently exceeded the beach standard (30% and 68%, respectively). It is important to note, however, that the increase from three to five sites out of compliance with the standard between the study years was not simply a result of adding two more sites in the second year. Instead, site-specific increases in the violation frequency (e.g., Fagaalu, Coconut Point; Fig. 3 ) caused the overall increase in the number of beaches violating the ASWQS. Perhaps an important indication of water quality trends in American Samoa is that none of the beach sites decreased in frequency of violations between 2002 and 2003 (Fig. 3) .
When compared to the water quality standards for American Samoa, these data demonstrate persistent and widespread beach contamination for sites on Tutuila's south shore. The mere presence of enterococci in beach water, however, does not necessarily always indicate human-related contamination. In tropical environments, these bacteria persist in the soils and are transported via stream flow to the beach areas (Luther and Fujioka, 2004) . On Tutuila, the three sites that exceeded the bacterial water quality standard most often during 2003 (Aua Stream (98%), Laulii (72%), and Alega Stream (68%)) are each close to mouths of large streams. Fagatogo also had a high frequency of violations (60%) and is similarly close to a stream mouth. Proximity to a stream discharge in these cases may influence localized contamination.
However, proximity to a stream and naturally occurring bacteria populations is likely not the only explanation for the observed contamination. There are many other potential sources of contamination in American Samoa, including contaminated storm runoff, leachate from cesspools and faulty or improperly constructed septic tanks, and direct discharge of wash-down water from small-scale familyowned pig sties. The impacts of these sources are exacerbated by the patterns of development on the island. Most of the residential development on Tutuila has occurred in the narrow strip of generally level coastal land, and the increase in impervious surfaces associated with development has increased the amount of surface water runoff discharged directly into the nearshore habitats. Noble et al. (2000) found that storm drains and consolidated runoff were the causes of most violations of California's water quality standards for nearshore waters. Improper waste loads from management and/or disposal of human waste in coastal villages is likely an important contributor to nearshore bacterial contamination as well. The municipal sewer system currently serves approximately 40% of Tutuila's population, and most households rely on cesspools and improperly constructed septic systems for wastewater management. Potential contamination also comes from the mismanagement of waste from family-owned pig sties (''piggeries''). Most piggeries are located immediately adjacent to stream banks or the ocean shoreline, and owners simply wash pig waste directly into water bodies.
Local rainfall also appears to influence nearshore contamination. Correlation analyses demonstrated significant relationships between rainfall and enterococci counts at 10 of the 14 sites (71%; see Table 1 ). Significant correlation coefficients ranged from 0.203 to 0.396, so the overall amount of variability explained by the correlation was low (R 2 between 4.1% and 15.7%). The correlation analysis with rank-transformed data generally confirmed the parametric test results, showing that rainfall and enterococci were positively correlated at 8 of the 14 sites. (Neither Pala Lagoon nor Fatumafuti showed significant correlations when using the ranked data.) In comparison, the Commonwealth of the Northern Mariana Islands (CNMI) Department of Environmental Quality reported that 53.8% of Saipan's west beaches sampled weekly showed a significant correlation between rainfall and bacterial contamination (CNMI, 2004) .
The correlation between rainfall and contamination suggests that rainfall moves contaminants from the land, either through the stream conduit or via overland runoff and storm drains. In some cases it seems to be associated primarily with stream transport. Several sites located near a stream (e.g., Yacht Club, Utulei Beach) showed increased levels of contamination with increased rainfall, and the increased stream discharge during the tropical rains may contaminate those sites. The bathing beaches on either side of the Aua Stream site (Pouesi-Aua and Diosa-Aua) violate the ASWQS between 40% and 50% of the time, and bacterial counts at those sites are correlated with rainfall (Table 1) . This implies that, after periods of rain when discharge is high, the contamination coming from Aua Stream can influence sites on either side of the stream mouth. On the contrary, some beaches are not adjacent to a stream discharge and still show a positive correlation between rainfall and contamination. Gataivai, for example, is far from any stream inputs, and in this case overland flow and storm drains may contribute a significant proportion of the contamination during rainy periods.
In conclusion, these data strongly suggest that Tutuila's nearshore waters face persistent contamination problems, and these data can serve as a baseline as efforts are turned now, where possible, towards addressing these problems. 
